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ABSTRACT

Abundances of sedimentary components based on chemical analyses of 79 
fine-grained core samples from the Union Newlove 51 well indicate an average 
composition (in weight percent) as follows:

Formation

Sisquoc Fm
Monterey Fm
Point Sal Fm

Detritus

68
46
68

Silica

28
31
21

Carbonate
minerals

4
22
10

Apatite

0
1
1

Organic
matter

1
7
4

In both the Monterey and Point Sal Formations, fine-grained detritus in the 
Union Newlove 51 well is generally more abundant than in age-equivalent 
Monterey strata in the Santa Barbara coastal area or in the Point Conception 
COST well (OCS-Cal 78-164 No. 1) in the offshore Santa Maria basin.

Analyses of duplicate splits of powders show that the reproducibility of 
major oxides is excellent. Standard deviations generally represent <2% of 
analyzed values, except Na20 which has an average standard deviation of 3% of 
analyzed values (0.04 wt% Na20). Reproducibility of sedimentary components 
based on major oxide analyses is excellent, with average standard deviations 
of 0.5 wt% detritus, 0.4 wt% silica, 0.1 wt% dolomite, 0.2 wt% calcite, and 
0.01 wt% apatite. Reproducibility of carbon analyses is less good, with 
average standard deviations of duplicate powder splits 0.1 wt% total carbon, 
0.5 wt% organic carbon, and 0.4 wt% carbonate carbon. Average standard 
deviations of organic matter abundance are thus about 0.7 wt% organic matter.

INTRODUCTION

The Union Newlove 51 well is located in the Orcutt oil field in the on 
shore Santa Maria basin (Figure 1). Located on the south side of the Orcutt 
fault bordering the north end of the field (Figure 2), the well was drilled in 
1932 by Union Oil Company, penetrating 4114 feet of section, and was exten 
sively cored. As originally reported by the operator, the drilled sequence 
includes the Careaga Formation (0-90 ft), the Foxen Mudstone (90-462 ft), the 
Sisquoc Formation (462-1884 ft), the Monterey Formation (1884-4014 ft), and 
the Lospe Formation (4014-4114 ft). Within the Monterey Formation, the 
original operator reports identify the arenaceous zone (1884-1918 ft), cherty 
zone (1918-2154 ft), bentonitic-brown zone (2154-2309 ft), buff and brown zone 
(2309-2515 ft), dark brown zone (2515-2841 ft), oil sand zone (2841-3132 ft), 
and siltstone and shell zone (3132-4014 ft). Subsequently Canfield (1939) 
proposed the name "Point Sal Formation" for the siltstone and shell zone, and 
Woodring and Bramlette (1950) formally adopted the proposal. Common current 
usage is to include the oil sand zone in the Point Sal Formation as well, and 
this scheme is used here.

The purpose of this report is to present analytical results on 83 core 
samples from the Union Newlove 51 well, including 79 fine-grained samples from 
the lower part of the Sisquoc Formation, the Monterey Formation, and the Point 
Sal Formation. 4 additional samples analyzed include 3 sandstones from the 
Point Sal Formation and 1 sample (at 530 feet) from the upper part of the
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Sisquoc Formation, lithologically unlike all other samples from the Sisquoc 
Formation.

Values were determined for the abundances of major elements (SiC^, A^Oo, 
FeoO-j, NaoO, ^2^* ^a^> M8^» Ti02» ^2^5* anc* MnO), organic carbon, and carbon 
ate carbon. These values have been converted, by analytical constants, to 
estimated abundances of sedimentary components namely (biogenic and diagen- 
etic) silica, (fine-grained terrigenous) detritus, calcite, dolomite, apatite, 
and organic matter. Preliminary compositional results were previously summar 
ized in terms of lithostratigraphic correlation and depositional controls by 
Isaacs and others (1983).

METHODS 

Sample Preparation

Prior to analysis, samples were cut either with a water saw or a dry saw 
into matched pieces for porosity determination and analytical determination. 
The latter piece, about 10-15 g by weight, was ground first with a steel mor 
tar and then with a mullite mortar to <100 mesh. Powders were then split into 
portions for X-ray diffraction, major element analysis, and (in most cases) 
carbon analysis.

Analytical Techniques - Major Oxides

Samples were analyzed for major oxides by X-ray fluorescence 
spectroscopy. For this analysis, 0.8 g of sample powder (ground to <100 mesh) 
was weighed into a tared platinum-gold (95:5) crucible and ignited for 45 
minutes at 925°C, after which it was reweighed to determine loss on ignition 
(LOI). An 8 g charge (dry basis) of lithium tetraborate was then added to the 
crucible, physically mixed with the sample, and then fused at 1130°C for 25 
minutes (Taggart and Wahlberg, 1980a) after which it was cast in a platinum- 
gold mold (Taggart and Wahlberg, 1980b) and allowed to cool. The disc was 
then presented to a Phillips PW1600 simultaneous X-ray spectrometer using an 
on-line Digital Equipment Corporation PDP 11/04 computer to perform a de Jongh 
matrix correction program for analysis (Taggart and others, 1981).

Note that I^O*" (adsorbed water) was present in the samples and duplicates 
analyzed. Amounts of t^O"" probably range from about 1% to as much as 5% in 
clay-rich Sisquoc samples (Isaacs, 1980, appendix A).

Analytical Techniques - Carbon

The abundance of organic carbon was measured by difference between total 
carbon and carbonate carbon. Total carbon abundances were measured by dry 
combustion with a LEGO WR12 apparatus which combusts the sample in oxygen at 
1200°C, converting carbon to C02;  ©2 was then measured by a thermal conduc 
tivity detector (Leventhal and Shaw, 1980). Carbonate carbon (the acid-soluble 
fraction) was determined by a gasometric procedure (Rader and Grimaldi, 1961; 
Leventhal and Shaw, 1980).

In contrast to techniques used for major oxides, powders analyzed for 
carbon were dried for 4-24 hours prior to analysis.



Determination of Sedimentary Components

Abundances of silica and detritus were estimated from elemental abundan 
ces of SiOo and A^Oo by constants developed for the Monterey Formation in 
adjacent onshore areas (Table 1). Resulting values are for the most part re 
liable for Monterey strata but probably underestimate the amount of alumino- 
silicate material where mica or chlorite is abundant; values also may under 
estimate detrital quartz (and thus overestimate biogenous and diagenetic 
silica) in highly terrigenous samples. Abundances of silica and detritus for 
non-Monterey strata should therefore be regarded as approximations.

Abundances of calcite, dolomite, and apatite were estimated from abun 
dances of CaO, MgO, and ?2®5 a f ter adjustment of these values for average 
abundances in the aluminosilicate fraction (Table 1). Samples were also 
evaluated by X-ray diffraction analysis for bulk mineralogy. Abundances of 
organic matter were estimated from the abundance of total organic carbon 
(Table 1).

A problem with this set of samples is that organic carbon was not 
measured in all samples. In addition, powders that were analyzed for major 
oxides contained adsorbed water (l^O") whereas powders analyzed for carbon did 
not. As a result, in order to make values easier to compare, abundances of 
silica, terrigenous detritus, calcite, dolomite and apatite were normalized to 
100% on an organic-matter-free basis. These abundances are thus similar to 
the kind of values widely reported from X-ray diffraction analysis.

ANALYTICAL REPRODUCIBILITY

During this study, a number of duplicate splits of powders were analyzed 
to test the reproducibility of the analytical methods. These duplicates were 
"blind" tests in the sense that they were submitted for analytical determina 
tion with different numbers and without the knowledge of the analysts, in some 
cases in the same lot and in other cases in separate lots as much as two years 
apart.

Major oxides

For major oxides, duplicate splits were analyzed in the same laboratory 
by identical methods over a period of one year. Table 2a presents the 
analytical results of a total of 15 analyses of 4 powders. For the most part, 
standard deviations represent <2.0% of analyzed values. An exception is Na20, 
which has an average standard deviation of 0.04 wt% Na20 or about 3% of 
measured values.

Sedimentary components calculated from major oxide analyses of duplicate 
splits are presented in Table 2b. These data show that detritus is 
reproducible to within 1 wt% in the range 10-70% detritus, with an average 
standard deviation of 0.5 wt% detritus. Other parameters are even more 
closely reproducible. Dolomite, for example, is reproducible to within 0.5 
wt% in the range 1-60% dolomite, with an average standard deviation of 0.1 wt% 
dolomite. These data show that analytical reproducibility is so excellent 
that variability introduced by the analytical method is negligible for most 
practical purposes.
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Table 2b. Abundance of sedimentary components (in weight %) of duplicate 
powder splits of samples from the Union Newlove 51 well No. 1 based on data in 
Table 2a. See text for calculation method.

Sample 
number

1497C4B)
Split Batch

1 A
2 B
3 C
4 D
5 B

Mean
Standard deviation
% standard deviation

2037(56)
Split Batch

1 A
2 A
3 A
4 B
5 D

Mean
Standard deviation
% standard deviation

265K7A)
Split Batch

1 D
2 E

Mean
Standard deviation
% Standard deviation

2687 (5B)
Split Batch

1 A
2 C
3 F

Mean
Standard deviation
% standard deviation

Average value
Av standard deviation
% standard deviation

Detritus

68.3
68.3
68.9
69.4
68.3
68.7
0.5
0.7%

26.0
26.0
26.0
26.2
26.7
26.2
0.3
1.1%

12.8
11.9
12.3
0.7
5.5%

50.5
50.8
51.1
50.7
0.51
1.0%

39.5
0.5
1.3%

Silica

21.2
20.9
21.3
20.5
20.8
20.9
0.3
1.5%

29.5
29.4
29.4
29.3
29.0
29.3
0.2
0.7%

13.8
14.5
14.1
0.5
3.5%

35.1
35.2
35.8
35.4
0.41
1.1%

24.9
0.4
1.4%

Dolomite

1.5
1.4
1.5
1.4
1.4
1.4
0.06
4.1%

6.7
6.7
6.8
6.7
6.5
6.6
0.1
1.6%

59.6
59.2
59.4
0.3
0.4%

3.6
3.8
3.7
3.7
0.08
2.3%

17.8
0.1
0.7%

Calcite

0.8
0.9
0.8
0.8
0.8
0.8
0.03
4.3%

22.4
22.6
22.3
22.4
22.5
22.4
0.09
0.4%

9.1
9.7 9T4

0.4
4.5%

0.8
0.7
0.8
0.8
0.06
7.0%

8.4
0.2
1.8%

Apatite

0.66
0.64
0.65
0.64
0.64
0.65
0.01
1.6%

0.83
0.83
0.83
0.83
0.82
0.83
0.004
0.5%

0.72
0.71
0.72
0.01
1.1%

-0.47
-0.47
-0.48
-0.47
0.004
0.9%

0.43
0.007
1.5%



Table 3. Carbon analyses (in weight %) of duplicate powder splits of samples 
from the Union Newlove 51 well. Note that analyses were performed in 3 
separate laboratories over a period of 2 years (1981-1983).

Sample number

2178(1A) Split Batch*
1 A
2 B
3 C
4 C

Mean (LEGO)
Standard deviation
% Standard Deviation

5 F
6 F
7 F

Mean (wet oxidation)
Standard deviation
% Standard deviation

2227 (8A) Split Batch*
1 B
2 B
3 B
4 D

Mean (LEGO)
Standard Deviation
% Standard Deviation

5 F

2651 (7A) Split Batch*
1 A
2 B
3 E

Mean (LEGO)
Standard Deviation
% Standard Deviation

Average value (LEGO)
Av standard deviation
% standard deviation

Total carbon

9.06
9.12
9.08
9.10
9.09
0.03
0.3%

-
-
-

4.90
5.01
4.85
4.73
4.87
0.12
2.4%

-

11.13
11.10
10.67
10.97
0.26
2.3%

8.31
0.13
1.6%

Organic carbon

7.37
6.13
7.38
7.72
7.15
0.70
9.8%

6.19
6.10
6.58
6.29
0.26
4.1%

4.90
4.95
4.77
4.67
4.82
0.13
2.6%

4.07

2.81
3.04
1.93
2.59
0.59

22.6%

4.85
0.47
9.7%

Carbonate carbon

1.69
2.99
1.70
1.38
1.94
0.72

36.9%

-
-
-

<0.01
0.06
0.08
0.07
0.05
0.04
68.5%

-

8.32
8.06
8.74
8.37
0.34
4.1%

3.45
0.37
10.6%

Batch A (Nov 1981): U.S. Geological Survey, Denver Lab; Batches B (Dec 
1981), C (Dec 1981), D (Jun 1983) and E (Jul 1983): U.S. Geological Survey, 
Menlo Park Lab; Batch F (Mar 1982): Rinehart Laboratories, Wheatridge CO.
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Carbon

For total carbon and carbonate carbon, duplicate splits were analyzed in 
2 different U.S. Geological Survey laboratories by a similar method over a 
period of 2 years. Some splits (but not other samples) were also analyzed for 
organic carbon in a third laboratory (Rinehart Laboratories) by a different 
method; these analyses were measured by the direct organic carbon wet- 
oxidation method after drying at 110°C for 4-24 hours and storage over ?2®5 ^ n 
a vacuum desiccator.

Table 3 presents results for a total of 10 analyses on 3 powders by the 
U.S. Geological Survey laboratories as well as a total of 4 analyses on 2 of 
the same powders by Rinehart Laboratories. Reproducibility of total carbon 
abundances is generally good, with an average standard deviation of 0.1 wt% 
carbon. Reproducibility of the abundance of carbonate carbon (and of organic 
carbon by difference), however, is only fair, with average standard deviations 
of 0.4 wt% (and 0.5 wt%) carbon respectively. Note also that samples analyzed 
by the LEGO method have consistently different values than samples analyzed by 
the wet oxidation method.

RESULTS 

Major Oxides

Core samples from the Union Newlove 51 well show a wide range of major 
oxide and carbon abundances, particularly within the Monterey Formation (Table 
4; data in Appendix Table 1). A^O-j, Na20, ^0, and Ti02 mainly reflect 
detritus abundance, Fe20o reflects both detritus and pyrite, CaO reflects 
mainly calcite (also apatite and detritus), MgO reflects mainly dolomite (also 
detritus), and ?2®5 reflects mainly apatite (also detritus) (Isaacs, 1980, 
appendix B). The average ratios between A1203 and Fe203, Na20, and Ti02 are 
generally about the same within all three formations. However, Sisquoc 
samples from the Union Newlove 51 well have a distinctly smaller ratio of 
KoO/A^O^ than other samples from this well (Figure 3).

Sedimentary Components

Sedimentary components estimated from major oxide and carbon abundances 
are presented in Appendix Table 2. The presence of some negative numbers in 
this table indicates that the conversion parameters (Table 1) are somewhat 
inaccurate. Note that the reproducibility of the negative values from 
replicate analyses (Table 2b, sample 2687(5B)) is excellent. The inaccuracy 
is thus probably due to partitioning slightly too much CaO, MgO, and ?2®5 into 
the aluminosilicate fraction. These inaccuracies are generally less than 1 
wt% and thus are only significant where values are small.

A more serious inaccuracy results from the partitioning of CaO into 
calcite and dolomite. Many of the samples listed in Appendix Table 2 as 
having calcite do not have any calcite detectable by bulk X-ray diffraction 
analysis (e.g., sample 3057 (3a) listed as having 8% calcite). However, 
Isaacs and others (in press) show that total measured carbonate averages 
within 0.02 wt% of the carbonate carbon calculated from the sum of calcite + 
dolomite based on major oxides. The total of carbonate minerals is thus 
reasonably accurate, and this value has been used for averages*.
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Table 4. Average abundance (in weight %) of sedimentary components in the 
Union Newlove 51 well, Orcutt oil field, onshore Santa Maria basin. Values 
here (except organic matter) have been normalized to 100% on an organic- 
matter-free basis and are not directly comparable to values in Figure 4. 
Values exclude samples 530, 3057 (3A), 3256 (4A), and 3383 (2A). Standard 
deviations assume a normal distribution of values.

Formation Detritus Silica Carbonate 
minerals

Apatite Organic 
matter

Sisquoc Formation (14 samples):
Range 56-76 22-40
Average 68 28
Std dev 6 6

Monterey Formation (55 samples):
Range 7-91 2-72
Average 46 31
Std dev 21 17

Point Sal Formation (10 samples):

1-14 
4 
3

0-91
22
23

0.0-0.7 
0.2 
0.3

0.0-11.3 
1.3 
2.3

1.0-1.4 
1.2 
0.1

1.5-27.7 
7.2 
4.8

Range
Average
Std dev

53-81
68
10

15-29
21
4

0-24
10
9

0.0-6.1
1.2
2.1

1.1-6.1
4.0
1.8

abundances are summarized by formation in Table 4. Note that abundances range 
widely within the Monterey Formation and more moderately in the Sisquoc and 
Point Sal Formations (Table 4; data in Appendix Table 2). Another interesting 
feature of the data in Table 4 is that the average silica abundance of the 55 
samples from the Monterey Formation is only 31%, barely above the average 28% 
shown for the Sisquoc Formation. Data from the Union Newlove 51 well have 
also been averaged according to Canfield's (1939) zones, as originally defined 
by the operator (Figure 4), but sample numbers are not adequate to be 
confident of the differences shown in any detail.

Compared to correlative strata in the Santa Barbara coastal area (Isaacs 
and others, 1983), samples from the Union Newlove 51 well have a greater 
average abundance of fine terrigenous detritus, particularly in the Point Sal 
Formation. The average detritus abundance in all lithologic units from the 
Union Newlove 51 well is also greater than in correlative strata from the 
Point Conception COST well in the offshore Santa Maria basin (Isaacs and 
others, 1983).
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grinding the samples and running bulk X-ray diffraction analyses. For major 
element determinations, project leaders were Joseph E. Taggart, Jr. and James 
S. Wahlberg; analysts were James W. Baker, Ardith J. Bartel, Kathleen C. 
Stewart, Joseph E. Taggart, Jr., and James S. Wahlberg. For carbon 
determinations, project leaders were Larry L. Jackson, James L. Seeley, and 
William Updegrove; analysts were Georgia Mason, Sarah T. Neil, and Van E. 
Shaw. Martin B. Lagoe and Margaret A. Keller reviewed preliminary versions of 
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Appendix - Table 3. Depth intervals represented by 
sample numbers (Appendix Tables 1 and 2) from the Union 
Newlove 51 well.

Sample 
No.

530
910
961

1060
1118
1180
1202
1229
1254
1341
1453
1497
1921
1946
1968
1991
2010
2026
2037
2178
2202
2227
2254
2395
2408

Depth 
interval

520-540
897-923
948-974

1049-1070
1113-1123
1168-1191
1191-1216
1216-1241
1241-1266
1328-1354
1444-1462
1487-1506
1913-1937
1937-1955
1955-1980
1980-2002
2002-2018
2018-2033
2033-2041
2165-2190
2190-2213
2215-2218
2240-2267
2387-2404
2404-2413

Sample 
No.

2439
2455
2487
2634
2651
2669
2687
2705
2722
2743
2758
2788
2810
2824
2837
2850
2867
3040
3057
3137
3156
3256
3383
3500
3524

Depth 
interval

2435-2443
2447-2463
2480-2495
2625-2641
2641-2660
2660-2677
2677-2696
2696-2714
2714-2730
2736-2750
2750-2766
2785-2790
2804-2816
2816-2832
2832-2841
2841-2859
2859-2875
3030-3050
3050-3064
3129-3146
3146-3165
3247-3265
3373-3393
3491-3509
3515-3533
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